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tion product of a fatty acid with an amine or ammonia and a further dispersant, and (C) a normally liquid solvent having a kinematic 
^ viscosity of less than 5 cSt at 100°C. The lubricant composition improves the cleanliness of a power valve of a two-stroke engine. 
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Title: Methods and Lubricant and Fuel Compositions for Two-Stroke Engine 
Containing ^ower Valves " 
5 ■ — 

This application claims the benefit of the U.S. provisional application 60/373,988 
filed 19 April 2002. 

Background of the Invention 

1. Field of the Invention 

10 The present invention involves methods, a lubricant composition, and a fuel 

composition for use in a two-stroke internal combustion engine. The methods and 
lubricant and fuel compositions are effective in improving the cleanliness of power 
valves in a two-stroke engine having a variable exhaust timing system. 

2. Description of the Related Art 

15 Additives that maintain or improve cleanliness in two-stroke internal 

combustion engines, especially those equipped with power valves, are essential for 
the durability and satisfactory performance of the engine. 

The overall driving force behind introducing power valves into a two- 
stroke engine is the customer's desire for more power. The most cost effective 

20 way to increase power over the entire rpm range, without major engine modifi- 
cations and without negatively affecting the excellent power to weight ratio in a 
two-stroke engine, is to incorporate power valves in a system in which the 
timing for the exhaust step varies with engine conditions. The power output 
characteristics of a two-stroke engine are, in part, determined by the location of 

25 the top of the exhaust port. A low port height provides an engine with good 
low-end output, whereas a high port height provides better peak horsepower. 
The use of a power valve enables the engine to have both characteristics, good 
low end power with good peak output, by accurately setting the timing for 
opening and closing the power valve. This timing is established by overlaying 

30 the power curves of a low exhaust port and high exhaust port engine design, 
then finding the "cross-over" RPM where the power curves meet. This is the 
RPM at which the valves are opened and closed. Power valves are retracted or 
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extended based on engine speed and load by mechanical pressure or electronic 
servo-motor activated systems. Some of the more sophisticated systems 
incorporate programmed auto-cleaning cycles and may include control by other 
engine or external parameters. In order to insure that power valves operate well, 

5 carbon build-up and gumming must be inhibited and/or eliminated. Various 
manufacturers refer to power valves and/or the system to activate them by a 
variety of names to include exhaust port valves, variable exhaust timing 
systems, exhaust port modifiers, arctic power valves, variable exhaust valves, 
variable exhaust systems and rotax adjustable variable exhaust (RAVE). 

10 International Publication No. WO 00/14185 discloses a two-cycle oil and a 

fuel comprising such an oil where the oil consists of a polyisobutylene amine, a 
nitrogen-containing dispersant, a polybutene polymer, a solvent, and a lubricating oil 
and exhibits improved performance and does not contribute to the clogging of 
variable exhaust systems. 

15 The methods, lubricant composition, and fuel composition of the present 

invention are unexpectedly effective in inhibiting and/or eliminating carbon build- 
up, clogging and gumming of power valves. This improved power valve cleanliness 
is achieved in addition to maintaining and/or improving overall two-cycle engine 
performance. Test evaluations in a two-stroke engine containing power valves 

20 hereinbelow demonstrate the unexpected effectiveness of the present invention. 

Summary of the Invention 

An object of the present invention is to improve the cleanliness of a two- 
stroke internal combustion engine containing a power valve. 
25 Another object of the invention is to improve the performance of a two- 

stroke internal combustion engine containing a power valve. 

A further object of this invention is to improve the cleanliness of a two- 
stroke internal combustion engine. 

A still further object of the invention is to improve the performance of a two- 
30 stroke internal combustion engine. 

Additional objects and advantages of the present invention will be set forth 
in the Detailed Description that follows and, in part, will be obvious from the 
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Detailed Description or may be learned by the practice of the invention. The objects 
and advantages of the invention may be realized by means of the instrumentalities 
and combinations pointed out in the appended claims. 

To achieve the foregoing objects in accordance with the invention, as 
5 described and claimed herein, a method for lubricating a two-stroke internal 
combustion engine containing a power valve comprises supplying to the engine a 
lubricant composition that comprises (A) an oil of lubricating viscosity; (B) an 
additive composition that comprises (1) a reaction product of a fatty hydrocarbyl- 
substituted monocarboxylic acylating agent and a reactive nitrogen-containing 

10 compound selected from the group consisting of ammonia, a monoamine, a 
polyamine, an alkanolamine, and a thiol-containing amine, and a mixture thereof 
wherein the reaction product of the acylating agent and the polyamine comprises a 
heterocyclic reaction product; and (2) a member selected from the group consisting 
of (a) a hydrocarbyl-substituted aminophenol; (b) a Mannich reaction product of a 

15 hydrocarbyl-substituted phenol, an aldehyde, and an amine; (c) a reaction product of 
a hydrocarbyl-substituted polycarboxylic acylating agent and a polyamine; and (d) a 
mixture thereof; and (C) a normally liquid solvent having a kinematic viscosity of 
less than 5 cSt at 100°C where the lubricant composition improves the cleanliness of 
the power valve. 

20 In an embodiment of the method of the present invention for lubricating the 

two-stroke engine containing a power valve, the lubricant composition is mixed with 
a liquid fuel, the mixture of the lubricant composition and the fuel is supplied to the 
engine, and the weight ratio of the fuel to the lubricant composition in the mixture is 
10-250:1. 

25 In another embodiment of the invention a lubricant composition for 

lubricating a two-stroke internal combustion engine comprises (A) an oil of 
lubricating viscosity; (B) an additive composition comprising (1) a reaction product 
of a fatty hydrocarbyl-substituted monocarboxylic acylating agent and a polyamine, 
an alkanolamine, a thiol-containing amine, or a mixture thereof wherein the reaction 

30 product comprises a hetero-cyclic reaction product; and (2) a hydrocarbyl- 
substituted aminophenol; and (C) a normally liquid solvent having a kinematic 
viscosity of less than 5 cSt at 100°C wherein the amount of the component (B)(1) is 
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greater than 3.4% by weight, and the amount of components (B)(1) and (B)(2) 
combined is greater than 9.6% by weight. 

In a further embodiment of the invention a fuel composition comprises a 
liquid fuel; and a lubricating amount of the lubricant composition for lubricating a 
5 two-stroke internal combustion engine. 

Detailed Description of the Invention 
A method of the present invention for lubricating a two-stroke internal 
combustion engine containing a power valve comprises supplying to the engine a 
lubricant composition comprising (A) an oil of lubricating viscosity; (B) an additive 

10 composition comprising (1) a reaction product of a fatty hydrocarbyl-substituted 
monocarboxylic acylating agent and a reactive nitrogen-containing compound 
selected from the group consisting of ammonia, a monoamine, a polyamine, an 
alkanolamine, a thiol-containing amine, and a mixture thereof wherein the reaction 
product of the acylating agent and polyamine comprises a heterocyclic reaction 

15 product; and (2) a member selected from the group consisting of (a) hydrocarbyl- 
substituted aminophenol; (b) a Mannich reaction product of a hydrocarbyl- 
substituted phenol, an aldehyde, and an amine; (c) a reaction product of a 
hydrocarbyl-substituted polycarboxylic acylating agent and a polyamine; and (d) a 
mixture thereof; and (C) a normally liquid solvent having a kinematic viscosity of 

20 less than 5 cSt at 100°C wherein the lubricant composition improves the cleanliness 
of the power valve. 

The method of the present invention involves lubricating a two-stroke 
internal combustion engine that contains a power valve. As described hereinabove in 
the Background of the Invention section, a power valve and a system to activate the 

25 power valve comprise exhaust port valves in the cylinders of the engine and a means 
to activate or move the exhaust port valves in order to increase the power output of 
the engine. The exhaust port valves are moved based on the engine speed and load to 
vary the opening of the exhaust ports to give more time for combustion step at low 
engine speeds and more time for the exhaust step at high engine speeds. In order that 

30 the power valve and the system that activates the valve operate properly to increase 
the power output of the engine, cleanliness of the activating system and especially 
the power valve is required. 
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The two-stroke internal combustion engine of the present invention can be 
lubricated by supplying to the engine a lubricant composition as a component of a 
fuel composition. The lubricant composition can be added to a liquid fuel to form 
the fuel composition, commonly referred to as a premix, prior to adding the fuel 
5 composition to a fuel tank of a vehicle or equipment powered by the two-stroke 
engine or the lubricant composition can be injected from a lubricating system of the 
vehicle or equipment into the liquid fuel in a fuel system of the engine to form the 
fuel composition before the fuel composition enters a combustion chamber in a 
cylinder of the engine. In another embodiment of the invention the two-stroke 
10 engine can be lubricated by supplying to the engine the lubricant composition by 
direct injection of the lubricant composition from a lubricating system of a vehicle 
or equipment powered by the engine into a combustion chamber in a cylinder of the 
engine. 

The oil of lubricating viscosity of the lubricant composition of the present 

15 invention can be a natural oil, a synthetic oil, or a mixture thereof. The oil of 
lubricating viscosity can have a Brookfield viscosity ranging from a maximum of 
3500 centipoise (cP) at 0°C for tropical climates to a maximum of 17,000 cP at - 
40°C for arctic climates. The oil of lubricating viscosity is usually present in the 
lubricant composition in a major amount although it can be present as a few percent 

20 by weight so it can range from 1 to 99% by weight. Typically the oil of lubricating 
viscosity can be present in the lubricant composition at 30 to 95% by weight, in 
another instance at 40 to 85% by weight, and in other instances at 55 to 80% and 60 
to 75% by weight. Natural oils can include mineral oils from various sources such 
as a petroleum crude or a refined petroleum oil, animal oils, and vegetable oils. 

25 Useful mineral oils include oils from the American Petroleum Institute Base Oil 
Groups I, II, III, and V. Synthetic oils can include polyolefins and hydrogenated 
polyolefins such as a hydrogenated poly(l-alkene), esters of carboxylic acids, 
alkylated aromatic compounds such an alkylbenzene or dialkylbenzene, and 
polymers of alkylene oxides to include carboxylic acid ester and ether derivatives 

30 thereof such as a dialkyl ether of a high molecular weight poly(ethylene glycol). 
Polyolefins can include homopolymers from a single olefin monomer, copolymers 
from two or more olefin monomers, or mixtures thereof. Olefin monomers can 
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The additive composition of the lubricant composition of the present 
invention comprises (B)(1) a reaction product of a fatty hydrocarbyl-substituted 
monocarboxylic acylating agent and a reactive nitrogen-containing compound 
selected from the group consisting of ammonia, a monoamine, a polyamine, an 

5 alkanolamine, a thiol-containing amine, and a mixture thereof wherein the reaction 
product of the acylating agent and the polyamine comprises a heterocyclic reaction 
product. Throughout this application the term hydrocarbyl represents a univalent 
group of one or more carbon atoms that is predominately hydrocarbon in nature, but 
can contain heteroatoms such as oxygen in the carbon chain and can have 

10 nonhydrocarbon and heteroatom-containing groups such as hydroxy, halo, nitro and 
alkoxy attached to the carbon chain. The hydrocarbyl substituent of the fatty 
hydrocarbyl-substituted monocarboxylic acylating agent of the (B)(1) reaction 
product can be an aliphatic group. The aliphatic group can be linear, branched, or a 
mixture thereof. The aliphatic group can be saturated, unsaturated, or a mixture 

15 thereof. The aliphatic group can have 1 to 50 carbon atoms, in another instance 2 to 
30 carbon atoms, and in a further instance 4 to 22 carbon atoms. The 
monocarboxylic acylating agent of the (B)(1) reaction product can be a 
monocarboxylic acid or a reactive equivalent thereof to include an anhydride, an 
ester, or an acid halide such as stearoyl chloride. Useful monocarboxylic acylating 

20 agents are available commercially from numerous suppliers and include tall oil fatty 
acids, oleic acid, stearic acid and isostearic acid. The reactive nitrogen-containing 
compound of the (B)(1) reaction product includes one or more reactive groups 
capable of reacting with the monocarboxylic acylating agent in a condensation 
reaction to form for example an amide reaction product in the case of a monoamine 

25 or an amide and/or ester and/or heterocyclic reaction product in the case of an 
alkanolamine. 

The reactive nitrogen-containing compound can be a monoamine having one 
amine group and includes primary and secondary monoamines such as methylamine 
and dimethylamine. The monoamine can have 1 to 30 carbon atoms. 
30 The reactive nitrogen-containing compound can be a polyamine having two 

or more amine groups where a first amine group is a primary amine group and a 
second amine group is a primary or secondary amine group, and the reaction product 
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of the monocarboxylic acylating agent and the polyamine containing the first and 
second amine groups comprises a heterocyclic reaction product such as for example 
2-imidazoline reaction products. The polyamine can have 2 to 30 carbon atoms. 
The polyamine can include alkylenediamines, N-alkyl alkylenediamines, and poly- 
5 alkylenepolyamines. Useful polyamines include ethylenediamine, 1,2- 
diaminopropane, N-methylethylenediamine, N-tallow(Ci6-Ci8)-l ,3- 

propylenediamine, N-oleyl-l,3-propylenediamine, polyethylenepolyamines such as 
diethylenetriamine and triethylenetetramine and tetraethylenepentamine and 
polyethylenepolyamine bottoms. The heterocyclic reaction product can be present 

10 in the (B)(1) reaction product at 1 to 100% by weight, in another instance at 5 to 
80% by weight, and in a further instance at 10 to 60% by weight. In an embodiment 
of the invention the reactive nitrogen-containing compound of the (B)(1) reaction 
product is a polyamine. In another embodiment of the invention the monocarboxylic 
acylating agent and the polyamine of the (B)(1) reaction product are respectively a 

15 C 4 to C22 fatty carboxylic acid and an alkylenediamine or a polyalkylenepolyamine, 
and in a further embodiment the fatty carboxylic acid is isostearic acid and the 
polyamine is a polyethylenepolyamine. 

The reactive nitrogen-containing compound can be an alkanolamine having 
at least one amine group and at least one hydroxyl group where the amine group can 

20 be a primary, secondary or tertiary amine group. The alkanolamine can have 2 to 30 
carbon atoms. The alkanolamine can include mono-, di- and trialkoxylates of 
ammonia such as mono- and di- and triethanolamine, hydroxy-containing 
monoamines such as a diethoxylated Ci 6 to Cig tallowamine, and hydroxy- 
containing polyamines such as 2-(2-aminoethylamino)ethanol. In another 

25 embodiment of the invention the alkanolamine can react with the monocarboxylic 
acylating agent to form a reaction product that comprises a heterocyclic reaction 
product such as for example 2-oxazoline and 2-imidazoline reaction products. This 
alkanolamine, that reacts with the acylating agent to form the heterocyclic reaction 
product, can have at least one hydroxyl group and at least one amine group where 

30 the at least one amine group is a primary amine group or can have at least one 
hydroxyl group and at least two amine groups where one of the amine groups is a 
primary amine group and a second amine group is a primary or secondary amine 
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group. This alkanolamine, that reacts with the acylating agent to form the 
heterocyclic reaction product, can have 2 to 30 carbon atoms and can include 
hydroxy-containing monoamines such as ethanolamine and 
tris(hydroxymethyl)aminomethane and hydroxy-containing polyamines such as 2- 
5 (2-aminoethylamino)ethanol. 

The reactive nitrogen-containing compound can be a thiol-containing amine 
having at least one thiol group and at least one amine group where the amine group 
can be a primary, secondary or tertiary amine group. The thiol-containing amine can 
have 2 to 30 carbon atoms and can include thiol-containing monoamines and thiol- 

10 containing polyamines such as 2-aminoethanethiol and 2- 
(dimethylamino)ethanethiol. In an embodiment of this invention the thiol-containing 
amine reacts with the monocarboxylic acylating agent to form a reaction product 
that comprises a heterocyclic reaction product such as for example 2-thiazoline and 
2-imidazoline reaction products. The thiol-containing amine, that reacts with the 

15 acylating agent to form the heterocyclic reaction product, can contain at least one 
thiol group and at least one amine group that is a primary amine group such as 2- 
aminoethanethiol or can contain at least one thiol group and at least two amine 
groups where one of the amine groups is primary and the other amine group is 
primary or secondary. 

20 The monocarboxylic acylating agent and reactive nitrogen-containing 

compound used to prepare the (B)(1) reaction product are commercially available. 
The (B)(1) reaction product can generally be prepared by forming a mixture of the 
monocarboxylic acylating agent and the reactive nitrogen-containing compound at 
ambient to elevated temperatures of 50 to 200°C, and heating the mixture at elevated 

25 temperatures of 100 to 300°C until the reaction product is formed in a satisfactory 
amount as described in the reaction procedures in columns 37 and 39 of U.S. Patent 
No. 4,724,091. 

In an embodiment of the invention the nitrogen-containing compound of the 
(B)(1) reaction product is a polyamine, an alkanolamine, a thiol-containing amine, 
30 or a mixture thereof, and the (B)(1) reaction product comprises a heterocyclic 
reaction product. In another embodiment of the invention the nitrogen-containing 
compound of the (B)(1) reaction product is a polyamine, an alkanolamine, a thiol- 
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.nbrican, composition is a, .east 1.2% by weigh,, and tire amount of the op- 
positions (B)(1) and (B)(2) combined in tire lubricant composition « a, leas, 3.5/. 
hy weigh,, In another embodimen, of me invention the amoun, offte composttion 
(BV1) in me lubricant composition is a, leas, 1.2% by weigh,, and the amoun, o the 
compositions (B)(1) and (B)(2) combined in the .ubricon, composition ,s a, er* 
5 5% by weight to still a further embodiments of tite invention the amoun, of tire 
composition (B X D in the lubricant composition is a, leas, ..6% by we,ght and the 
amount of compositions (B)(1) and (B)(2) combined in the lubricant compos,,™ ,s 
at fees, 6.5 or 7.5% by weight In other embodiments ofme invention the amount of 
fte compositions (BXD and (B X 2) combined in fte lubricant composition can be 3.5 
,o 25% by weight 5.5 ,0 20% by weigh,, and 6.5 ,0 15% by weight 

The lubrican, composition of fte method of fte ptesent invenhon ,yp,cally 
afco comprises a normally liquid solvent having a kinematic viscosity of less than 
5 cS, (centistokes, a, 100«C and in other h_ of less than 1 .5 cS, »d less h^ 
CS. a, 100-C. The soWen, has physical properties such as an ASTM D-93 A* 
poin, and ASTM D-86 distillation characteristics that render i, combustible. The 
Lven, generally functions ,o solnbilize fte ofter component in fte lubncan, 
composition, ,o solnbilize fte lubricant composition in a liquid fuel, and to facilttate 
10 handling and transfer of fte lubricant composition. The solvent can be a 
hydrocarbon and includes aliphatic hydrocarbons, agnatic hydrttcarbons, and 
Jixftres thereof. Hydrocarbon so,ven,s inc.ude ftose obtained from petroleum such 
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as p— i*. ^ ^ *» . ^™j;:tz 

hydrocarbons froro a r ischar-Tropsch process ^XXT. « 
stroke internal combustion engine are generally aliphatic nydroc 

„ .ass by v-aigh, since aroma ti a hydrocarbons ,a„d «o genera* smok wh n 
IW* hydrocarbons include aUphatic hydrocarbons or ahphaoc 
a m oon, or aroroadc ■ - - - > 

^ga, to another instance that bod m a .30 to 300 C m*. ntaining 
,, n .„ ^, n o r rance The solvent can be an oxygen 

solves types such as for exaropie a ^ ^ 

hydrocarbons and * „ other „ « 5 to 35% 

30 the lubricant composition at 1 to 50 /o by weigm 
by weight and 10 to 25% by weight. 
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ta ft. metirod of to present invention for lubricating a two-stroke interna, 
combustion engine containing a power vaive are .nbrieant composition improves *e 
Ceaniiness of ft. power vaive. Tne examp,es hereinbe>ow — *e 
effectiveness of the method that empioys ft. Inbriean, eon.pos.tton to .mprove «he 

: I- presen, invention for Seating a ^— engme 
containing a power vaive tire additive composition (B) of the .ubriean, eomposrtion 

actives can inc.ude detergent dispel, antioxidants, 

• hhihhnn antiwear agents, viscosity modifiers, lubncity 
inhibitors corrosion inhibitors, aniwcoi « 6 , 

l antifoanung agenr, Detergents can include neuna. metid and 
31* meta. sahs of oi, so.ub.e organic acids. Neu.ru. meta, sans generaUy 
I^Tabon, 0, to ,., events of meta, per e q uiva,en, of organic ^ac.d wbrie 
ovelb ased me*, an.* genera.., bave greater ftan ,., e q uiva,en,s of me^pe 
eoniva.en, of organic acid. The organic acid can incU.de fa«y 
leny.auccinic acids or anhydrides, a^y.ated arenes„.fomc acds, o, gomers of 
alxenyisucc alkvloheno. with formaldehyde or 

alkylphenols formed by condensation of fte alkylpheno 
JXe equivalent .hereof or with a suHWng agent such as suite, afcy 
Tbstimted salicyhc acids, condensates of an ahry.pheno, and « 
, reactive ec.uiva.en, .hereof, condensates of an alkylpheno. and formddeh yd and 
Xhe Id, and mixtures hereof. Methods for the preparation of neutra. «d 
teased me*, salts of organic acids are we,, known Distant* can mc.u^ 
reaction product of an a*en„succinic anhydride with a po.yo, such - 
Uaerytil, or with a combination of a po.yo. -d an amtne -h . 
.5 pentaeryftrno. and a polyetiry.enepo,yamme as descnbed m U.S. Paten No 

jicy He acid and a monoamine or a polyamine. Dispersanrs may also mclude a 
^„ product of a condensate of an alky,pheno, and ,yoxy.ic acid orreaenve 
equi va,en, .hereof win, ammonia, a monoamine, or a po.yamme as descnbed rn WL 
30 L NO. 5,629,448. Dispersants can inCude a hydrocarby.-subsn.uted amme such 
1 1 examp.e tire reaction product of a eh.orina.ed po,y.sobuty.e„e and 
ly enetiiamine as described in U.S. Pa,en, No. 5407453. Antioxidants can mc.ude 
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an abated W -* - »— **- ^TT^ 
Hinder!, phenols and derivatives .hereof such as "» d 
coadensa.es of 2,6-di-t-buty.pheno, win. acry.a,e esters. Friction tnod.fiers can 
indude amides and esters of fatty carboxy.ic acids such as oleamide and mndwes 
giycero. monoo.eare and glycerol dio.eate. Rost inhibitor can induce copolymers 
of aUtylene oxides such as a copolymer of propylene oxide and emylene ox.de. 
Corrosion inhibit can inc.nde alxenylsuccinic acids or anhydrides or denvattves 
hereof such as a po.yisobu.eny.succinic anhydride or acid. An..wear agen* - 
indude zinc dihydrocarhy. dimiophospha.es and organic molybdenum composrUons 
srKhasmolybdenumdimiocarbama.e, Viscosi^ modifiers can include a) vrscosrry 
index improvers to include po.yisobmy,enes, ethylene-propylene copolymers, and 
po,y<mdhacry.a.es) and b, pour Point depressant and .ow ^- 
Lpmvers .o indude finty dcoho. esters of malan-s*rene copolymers copo,ym«s 
„ f vinyl acetate with emylene or fumara* esters, po.y(me*acryla«s), olefin 
5 copolymers such as serene-butadiene copolymers, aBt y .a«d 

nrlylene coup.ed rdkylpheno, oligomers. Lubricity agents can urdude bngh. 
stocks, polymers such as po.yisobuty.ene having a number average mo.ecu.ar 
W eighr of ,00 ,0 3000, vegetab,e oi.s, and esters of carboxyUc acids. An— g 
agents can include silicone oil, The amount of the additive component W) *. 
!0 lean, composition can mnge from 0, ppm by weigh, to 25% by wetgh 
aepending on the fundion of fire addition* additive or addrtve, .n an embodtmen 
of the method of Una invention for .ubricating a .wo-stroke engme coning a 
power valve .he additive composition (B) further comprises a fricfon modrfer, an 
anrioxidant, a pour point depressant, or a mixrure thereof. 
25 m an embodiment of the method of mis invention for hrbncatmg a two 

stroke engine containing a power va,ve dre .ubrican, composirion is mixed wrdta 
liqu id foe., the mixture of the lubricant composition and the fuel .s supphed «o the 
engine, and the weigh, ratio of *e fire. ,0 the .ubrican, composition in d,e m~ 
.0^50:1. The liquid fue. can be a hydrocarbon fire., a nonhydrocarhon fire, or a 
30 mixhrre dtereof. The hydrocarbon (he. can be a pe.ro.eun, distill and mdudesa 
gaso.ine and a midd.e distiUate n.e. such as a diese, fhe. and a kerosene The 
gasoline can comain .ead or he lead-fiee. Useful hydrocarbon fads mclude a 
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gasoline such as a gasoline defined by ASTM specification D4..4. Tta 
^carbon fuel can be an oxygenate and includes an a>coh„l snob as eftanol 
an eL an organic ni«ro compound, a vegetable „i>. or a mixture thereof. Th 
C L can be a mixture of a hydrocarbon fire, and a nonhydrocarbon fire, an 
hides a mixture of a gasohne and an a,coh„, sueb as med^o, or eftanohTfc 
nuxture of hftricant composition and fue! oan be suppiied to Ute engme as . p- 
2 which me mixrure is formed prior to adding i. to a fuel -* of a vehrc e o 
^pnren. powered by me engine. Alternatively, fte mixture of me ««- 
lUon and fue! con be supp-ied ,0 me engine via a .ubncaung system on fte 
veb! ,e or e,uipmen, powered by me engine In which fte .nurture ts formed by 
peering fire lubricant composition ftom tbe mbncating system into tbe fite m a fue, 
^m before the mixture enters a combustion cbamber in a cylinder of tbe engm . 
L weigb, ratio of the fuel to the lubricant composition in ft. nuxftre cm be .0- 
25 „, and in other embodiments can be 15-200:1, 25-.OOM, 32:., and 5 : . In 
anofter embodimen, of the invention fte .ubrican. composition is suppled to fte 
engine by direct injection fiom a lubricating system into a combustton chamber of 
Jengil in an amoun, tha, is e,uiva,en t to fte amount of lubricant = uo n 
^ to fte engine in fte above described lubricant composttton-fue, mtxhn*. 

to an embodimen, of fte invention a lubrienn, composttton smftble for 
, hftricating a fwo-shohe interna, combustion engine comprises W - - - 
Uftricaung viscosity; (B) an additive comprising (!) a reactton produ t of a farty 
hvd^carbyl-aubsrimted monocurboxyhc acylaring agen, and a po.yamme, an 
a Lam ne, a ftio,-conftining amine, or a mixture thereof wberem fte reactton 

5 aminophenol; and (C) a normal* liquid solvent having a krnemafc vscostty of teas 
ZTcS, a ICC wherein fte amoun, of fte composition (B)(1) is greyer ftan 
tT% by weigh,, and fte amoun, of composes (B)(1) and (B X 2) combtned ts 
g^r ftan 9.6% by weigh, ,n softer embodimen, of fte — — - 
Ll) can be present in fte lubrican, composition a, grea,er ftan 4% by wetgh, 
„ wl fte combination of composirions (B)(1) and (B X 2) can be preaen, a, greaKr 
ftan 10 2% by weigh, In a finfter embodimen, of ftia invention composttion 
£> is present in fte lubrican, composition a, grea,er ftan 5 or 6% by wetgh, 
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wh „e the combination of compositions (B)(1) and (B)(2) is present a, p*m*m 
Z% by weight This Inbricnn. composition containing me compone - (B X 
« tic Lon prodnc, and me component <B X 2) ammopheno. s 
^Zrtr very effective in improving me Ceantiness of a power valve of a two- 
"Jme I demonsnated in me exampies bereinbeiow. In the hrbnean, 
:Cs n for .obricating a — engine, me oi. of .obricating vtscos,* <h 
ZL composition comprising the (BX 1 ) reaction prodnc, comprtsmg . 
^IveUc Lion prodnc, and me (B X 2) antinopbeno,, and me so vent ar 
HbL above for tbe metbod of .obricating a two-strohe engine — g 

va!ve. in an embodiment of me invention me (B X .) reaction prodnc,, »d « 
Ilubriean, for .nbricatin, a two-sti* engine, is a reaction prodnc, of 
tdrlbyi-snbstimted acylating agent and a po,yamine, in m o*er tnaan* * 
reaLn P«*- is areaction prodnc, of a C 4 ,o C fa«y carboxybc ac d^d 
f amine to include an aKylenediamine or a po.yaIayienepoIyam.ne and ,n 

ZL ins,a„ce me (BXD — * ' — ^ " ~ c^t 

Td a polyetitylenepo.yamine. In anotiter embodiment of the invennon to MM* 

complin for a two-stro.ee engine comptises an oii of W— , 1~ *^ 
. naLl oil, a syntiteuc oil, or a mbtiure tbereof. In an embod.men rf*. 
Lention tire Inbrlcan, composition for tire two-aro.ee engine — " 
, composition where me bydroca*y. substnuen, of tire (B)(2) bydrocarbyl— «d 
Upbenol U derived horn a polyisobn,y,e„e, and m a tirrtiter emWrmen * 
p^sobutylene bas 40 «o 1.0 car*,n atoms. In ano,ber —» « *° 
invention tine .nbrican. composition for a two-atrolce engme compnae (C) a so.ven. 
Ins a hydrocarbon, an oxygen-containing conation, a minora. o„ an olefin 
• , tarf and in a further embodiment tire solven, ,a a 

for me .nbrican, composition for a — engme, an = 
composition of ft. .nbrican, composition further compnses (B X 3) one or mo 
LLa. additives, and in anotiter embodiment tite additive 

,0 comnrises a diarylamine antioxidant, g.ycero. monoo.ea,e or a mnttore of glycero. 

30 ZZ.' - *- — hietion modify a pmpy.ene o^etitylene 
oxide copolymer ms. inhibitor, or a mix«ure hereof. An embodtment 
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invention is a fuel composition for footing a W o-s«roke engine comprising a hqutd 
I t described hereinabove for a metirod of Lubricating a t—^ 
nig a power vaive, and a iubricating amoun, of tire .ubriean, compos.«on for 
and in a farther embodiment ,he M composition compnses 
5 — Anembodimenrofmeinventionrsam^ 

Rubricating a two-suoxe interna, combustion engine comprising supp.y.ng to tire 
Ijl me in rican. composition for a two-aroxe engine. A further embodrmen, of 
ZLTZ is a memod for iubricating a — — * « 

Uprising supp.ying «o me engine a fue, composition comainmg me iuoncan, 

,0 -^^'^^^mres of .ubriean, compositions a^ ft* and 
Lubricant compositions, mixtures oi mun r , - - 

« compositions of tins invention can be prepared by mixing or adnuxrng * 

.emplamres of 80»C in any order or fashion ma, resuhs in a eomposmon r 
,5 Hhich me components are miscibie utitiau, and over extended penods of . me 
" itLinstolgeconditions. The .uhricant composition is usuatiy prep^b 
mixi n g tire oi. of iubricating viscosity with the additive compos*™ or wrtir tir 
Z* e component, of the additive composition added in various 

,0 wrtit mixing of the solvent genera.., at ambient temperature. The lubncan 
" CJ-fue, ntixture or fue, composition is usuatiy prepared a, amh^ 
.emlmre by admixing the Hmtid fue. and the .ubriean. eomposmon ether as a 
Zl Prior I adding .he mixmre or composition to .he fue. untie of a two-stroxe 
or in a W o-s«roxe engine by injection of me .ubriean. eomposmon from a 
?S lubricating system into the fuel in a fuel system. 

The Lowing examp.es demonstrate me effectiveness of tire metimds and 
lubricant and fue. compositions of tire presen. invention in improving tire e.eanhness 
£ Z va,ves of a two-stroxe interna, combustion engine. The ^examp « ^ 
plvided for i.lus«ative purposes o„„ and am no, intended to ,im„ ,he scope ofthe 
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"1996 Model 125 Yamaha bngine xesW 
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• ,« mode. .25 Yamaha .24 cm' ^^rSoTtTby 
Ipced and load at a coolant outlet temperature of 96 C. 

. The lubricant In Example, . and 3 to 5 of^ * 

included diluent oil. 

, i i ^ 4 5% bv wt of a dispersant (PIBSA dispt) 

• The lubricant of Example 1 ln V dride derived from a 1000 mol. 

from the reaction ^Vf^f^^^^^b^ a mixture of 
wt. polyisobutylene, and yo^^^^Z groups to 3 nitrogen groups 

oligomer of dodecylphenol. 
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d The lubricant of Example 2 was a commercial synthetic lubricant of unknown 
composition intended for use in two-stroke engines containing exhaust port or power 
valves. 

5 e The lubricant of Example 3 contained 1 ) 1 .2% by wt. of an additive (ISTA-TEP A) 
from the reaction of isostearic acid and tetraethylenepentamine in a ratio of 1 acid 
group to 1 .5 nitrogen groups, 2) 6.6% by wt. of an additive that was a substituted 
aminophenol prepared by alkylating phenol with 1000 mol. wt. polyisobutylene and 
then nitrating the alkylated phenol with nitric acid and reducing the nitrated 
10 alkylated phenol with hydrazine, 3) 0.3% by wt. of a detergent that was a calcium 
salt of a methylene coupled oligomer of heptylphenol, 4) 1% by wt. of a diary lamine 
antioxidant and 5) 0.3% by wt. of the friction modifier glycerol monooleate. 

f The lubricant of Example 4 contained 1) 3% by wt. of the isostearic acid-tetra- 
15 ethylenepentamine reaction product described in footnote e above, 2) 6.6% by wt. of 
the substituted aminophenol described in footnote e above, 3) 0.9% by wt. of the 
detergent derived from heptylphenol and described in footnote e above, 4) 1% by wt. 
of a diarylamine antioxidant and 5) 0.3% by wt. of the friction modifier glycerol 
monooleate. 

20 

8 The lubricant of Example 5 contained 1)1.15% by wt. of the isostearic acid-tetra- 
ethylenepentamine reaction product described in footnote e above, 2) 5.9% by wt. of 
the substituted aminophenol described in footnote e above, 3) 1.3% by wt. of a 
dispersant from the reaction of a polyisobutenylsuccinic anhydride, derived from 
25 1000 mol. wt. polyisobutylene, and polyethylenepolyamines, derived from a mixture 
of bottoms and diethylenetriamine, in a ratio of 1 carbonyl group to 1.1 nitrogen 
groups and 4) 0.2% by wt. of a diarylamine antioxidant. 

h The lubricant of Example 6 contained 1) 2% by wt. of the isostearic acid-tetra- 
30 ethylenepentamine reaction product described in footnote e above, 2) 7.4% by wt. of 
a Mannich reaction product from the reaction of phenol alkylated with 1000 mol. wt. 
high vinylidene content polyisobutylene, formaldehyde and dimethylamine, 3) 0.5 
% by wt. of the friction modifier glycerol monooleate and 4) 0.15% by wt. of a pour 
point depressant that was a methacrylate copolymer. 

35 

i The lubricant of Example 7 contained 1) 6% by wt. of the isostearic acid-tetra- 
ethylenepentamine reaction product described in footnote e above, 2) 5.6% by wt. of 
a dispersant from the reaction of a polyisobutenylsuccinic anhydride, derived from 
1000 mol. wt. polyisobutylene, and tetraethylenepentamine in a ratio of 1 carbonyl 
40 group to 2.1 nitrogen groups, 3) 1% by wt. of a diarylamine antioxidant, 4) 0.3% by 
wt. of the friction modifier glycerol monooleate and 5) 0.06% by wt. of a rust 
inhibitor that was a copolymer of propylene oxide and ethylene oxide. 

j The lubricant of Example 8 contained 1) 6% by wt. of the isostearic acid-tetra- 
45 ethylenepentamine reaction product described in footnote e above, 2) 4.8% by wt. of 
the substituted aminophenol described in footnote e above, 3) 1% by wt. of a 
diarylamine antioxidant, 4) 0.3% by wt. of the friction modifier glycerol monooleate 
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and 5) 0.06% by wt. of a rust inhibitor that was a copolymer of propylene oxide and 
ethylene oxide. 

k The power valve rating was based on the CRC (Coordinating Research Council) 
5 rating manual and was an average of the ratings for the set of right and left power 
valves with higher ratings indicating cleaner valves and better lubricant 
performance. 

Each of the documents referred to in this Detailed Description of the 
10 Invention section is incorporated herein by reference. All numerical quantities in this 
application used to describe or claim the present invention are understood to be 
modified by the word "about" except for the examples or where explicitly indicated 
otherwise. All chemical treatments or contents throughout this application regarding 
the present invention are understood to be as actives unless indicated otherwise even 
1 5 though solvents or diluents may be present. 
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What is claimed is: 

1 . A method for lubricating a two-stroke internal combustion engine containing 
a power valve, comprising: 

5 supplying to the engine a lubricant composition comprising 

(A) an oil of lubricating viscosity; 

(B) an additive composition comprising 

(1) a reaction product of a fatty hydrocarbyl-substituted 
monocarboxylic acylating agent and a reactive nitrogen-containing 

10 compound selected from the group consisting of ammonia, a monoamine, a 

polyamine, an alkanolamine, a thiol-containing amine, and a mixture thereof 
wherein the reaction product of the acylating agent and polyamine comprises 
a heterocyclic reaction product; and 

(2) a member selected from the group consisting of (a) a hydrocarbyl- 
15 substituted aminophenol; (b) a Mannich reaction product of a hydrocarbyl- 
substituted phenol, an aldehyde, and an amine; (c) a reaction product of a 
hydrocarbyl-substituted polycarboxylic acylating agent and a polyamine; and 
(d) a mixture thereof; and 

(C) a normally liquid solvent having a kinematic viscosity of less than 5 cSt 
20 at 100°C wherein the lubricant composition improves the cleanliness of the power 

valve. 

2. The method of claim 1 wherein the nitrogen-containing compound of the 
(B)(1) reaction product is a polyamine, an alkanolamine, a thiol-containing amine, 

25 or a mixture thereof, and the (B)(1) reaction product comprises a heterocyclic 
reaction product. 

3. The method of claim 1 wherein the nitrogen-containing compound of the 
(B)(1) reaction product is a polyamine. 

30 

4. The method of claim 1 wherein the amount of additive component (B)(1) in 
the lubricant composition is at least 1.2% by weight, and the amount of additive 
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components (B)(1) and (B)(2) combined in the lubricant composition is at least 3.5% 
by weight. 

5. The method of claim 1 wherein the oil of lubricating viscosity is a natural oil, 
a synthetic oil, or a mixture thereof. 

6. The method of claim 1 wherein the oil of lubricating viscosity is present in 
the lubricant composition at 30 to 95% by weight. 

7. The method of claim 1 wherein the monocarboxylic acylating agent of (B)(1) 
is a C 4 to C22 fatty carboxylic acid and the polyamine of (B)(1) is an 
alkylenediamine or a polyalkylenepolyamine. 

8. The method of claim 7 wherein the fatty carboxylic acid is isostearic acid 
and the polyamine is a polyethylenepolyamine. 

9. The method of claim 1 wherein the hydrocarbyl substituent of the 
aminophenol of (B)(2)(a) is derived from a polyisobutylene. 

10. The method of claim 1 wherein the Mannich reaction product (B)(2)(b) is 
prepared from an alkylphenol derived from a polyisobutylene, formaldehyde, and an 
amine that is a primary monoamine, a secondary monoamine, or an 
alkylenediamine. 

11. The method of claim 1 wherein the hydrocarbyl-substituted polycarboxylic 
acylating agent of (B)(2)(c) is a polyisobutenylsuccinic anhydride. 

12. The method of claim 1 wherein the solvent is a hydrocarbon, an oxygen- 
containing composition, a mineral oil, an olefin oligomer, or a mixture thereof. 

13. The method of claim 1 wherein the additive composition (B) further 
comprises (3) one or more additional additives. 
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14. The method of claim 13 wherein the additive composition (B) further 
comprises a friction modifier, an antioxidant, a pour point depressant, or a mixture 
thereof. 

5 

15. The method of claim 1 wherein the lubricant composition is mixed with a 
liquid fuel, the mixture of the lubricant composition and the fuel is supplied to the 
engine, and the weight ratio of the fuel to the lubricant composition in the mixture is 
10-250:1. 

10 

16. A lubricant composition suitable for lubricating a two-stroke internal 
combustion engine, comprising: 

(A) an oil of lubricating viscosity; 

(B) an additive composition comprising 

15 (1) a reaction product of a fatty hydrocarbyl-substituted 

monocarboxylic acylating agent and a polyamine, an alkanolamine, a thiol- 
containing amine, or a mixture thereof wherein the reaction product 
comprises a heterocyclic reaction product; and 

(2) a hydrocarbyl-substituted aminophenol; and 
20 (C) a normally liquid solvent having a kinematic viscosity of less than 5 cSt 

at 100°C wherein the amount of the component (B)(1) is greater than 3.4 % by 
weight, and the amount of components (B)(1) and (B)(2) combined is greater than 
9.6% by weight. 

25 17. The lubricant composition of claim 16 wherein the (B)(1) reaction product is 
the reaction product of a C 4 to C22 fatty carboxylic acid and a polyamine. 

18. The lubricant composition of claim 16 wherein the additive composition (B) 
further comprises (3) one or more additional additives. 

30 

19. A fuel composition suitable for fueling a two-stroke internal combustion 
engine, comprising: 
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a liquid fuel; and 

a lubricating amount of the lubricant composition of claim 16. 

20. A method for lubricating a two-stroke internal combustion engine, 
5 comprising: 

supplying to the engine the lubricant composition of claim 16. 



/ft 



INTERNATIONAWEARCH REPORT 



Intei^^plal Application No 

PCT/US 03/12090 



C.(Contlnuatten) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation 01 document, with indlcallon.where appropriate, ol the relevant passages 



Relevent to claim No. 



US 5 888 948 A (HOFFMAN CHARLES F ET AL) 

30 March 1999 (1999-03-30) 
examples 

W0 94 06897 A (CHEVRON RES & TECH) 

31 March 1994 (1994-03-31) 
example 5 

US 4 705 643 A (NEMO THOMAS E) 
10 November 1987 (1987-11-10) 
the whole document 



I- 8, 

II- 15 



I- 8, 

II- 15 



1-20 



Form PCT7ISA/210 (continuation ol second sheet) (July 1992) 



INTERNATIfJpVL SEARCH REPORT 

Information on patent family members 



tntefl^Pial Application No 

PCT/US 03/12090 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(s) 


date 


WO 9303120 


A 


18-02-1993 


HQ 
Uo 


DC\>H\J\JD m 


23-1 1-1993 

CO 11 1 77J 






AT 
M 1 


107004 l 








All 


n^ma R2 

OOOUIO DC 


19-01-1995 


• 




Al 1 
MU 


97741 Q9 A 


02-07-1997 

Ul. UO 






TA 


90RRQR7 Al 


10-02-1993 

lw vie. 173J 






PN 
vlN 


1077900 A R 
1U/0£UU M ,D 


16-06-1993 

1U UU 17?J 






nr 
Ut 


AQ99£A1Q ni 

07££OOl7 VI 


17-09-1 99ft 

1/ v7 1770 






Ut 


AQ99&A10 T9 


29-04-1999 

fc7 UH 1777 






cp 
tr 


f1££9774 Al 


28-07-1993 

£0 U/ 1770 






ES 


2123003 T3 


01-01-1999 






IL 


102664 A 


26-05-1995 






MY 

PI A 


7£UH077 nl 


01-05-1993 






cr 
ou 


47A7R Al 
•f/O/o Ml 


17-04-1 99ft 

1/ UH X770 






wu 


Q7H71 9fi Al 
70UjXlU Ml 


1ft-02-19Q7 
10 UL 1770 






7A 


Q9HRQA9 A 
7£Uo74t M 


28-04-1 9Q7 

lO UH 1770 


US 377Z359 


A 


13-11-1973 


Uo 


779AR01 A 


20-06-1967 

C.U 17U/ 




DC 


KRAIAd A 

OOH1H4 M 


16-01-1967 

1U Ul 17U/ 






CH 


487239 A 


15-03-1970 






DE 


1594615 Al 


06-05-1970 






PR 


1 4ftfifi77 A 

IHOvO/ / n 


30-06-1967 

iJ\J WU A ^ V / 






bb 


111 9R4R a 

1 1 IlOhj M 


08-05-1968 

UO UO 17UO 






Ml 
IML 


DOU7OOO M 


17-01-1967 

1 / U 1 17w / 






IMU 


l£lUUO D 


04-01-1971 

U4 Ul X7 / X 


US 44Zbi3o 


A 


10-01-1984 


All 
MU 


311/ lO DC 


04-09-1980 

Ut U7 X70U 






All 
MU 


1 ft*\Q77fi A 

lOO r / / O M 


20-04-1978 

C\J U*T 17 / O 






Dt 


QAJOOf) Al 
OH/ccU rtl 


13-04-1977 

XO U4 17/ / 






DK 


/DUDOHD M 


0Q-0R-1978 

U7 UO X 7 / O 






r a 

uM 


1 HQARAR Al 
lU^OoHO Ml 


07-07-1981 

UO UO X70X 








9K4fi91 £ Al 
£040£lo Ml 


28-04-1 Q77 

lO U*t 17/ / 






n^ 

UN. 


461476 A R 
HO 14/ O M , D , 


1 R-04-1977 

1 O UH 17// 






CQ 
to 


4D£OD7 Ml 


16-01-1978 

1U Ul 17/0 






TT 
r 1 


7fi9Q1R A R 
/ D£7 13 n , D , 


1R-04-1977 

1 0 U*t 17/ / 






PR 

r IN 


272R07fi ai 


13-05-1977 

X O U J 17/ / 






CR 


1 RfiRRAR A 


23-04-1980 

£0 U4 X70U 






TM 


idcoR7 ai 

140UOO Ml 


19-08-1978 

X 7 UO 17/ O 






TT 
i 1 


IUD7U / / D 


2R-07-1985 

£3 UO 1700 






IP 

or 


i4Mft7R r 


25-07-1 988 

CJ U/ 1700 






IP 

Or 


C90R4904 A 


1 7-07-1977 

lO U / 17// 






JP 


62052000 B 


02-11-1987 






MX 


145598 A 


12-03-1982 






Nl 


7fi112R0 A R 


18-04-1977 

lO V*T A^# / 






ot 


497407 R 


07-05-1982 

UO UO 170C 






ot 


7A1T*RO A 
/DIIjOU m 


1 5-04-1977 

1 O UH 17 / / 






7A 


7AHAHR7 A 
/OUOUo/ M 


70-05-1978 

JU Uj X7/0 


US 5888948 


A 


30-03-1999 


AU 


732823 B2 


03-05-2001 






AU 


4177597 A 


22-05-1998 






ut 


60790776 HI 

Dj / C\J / / D Ul 


1 5-05-2003 

lO UO LUu J 






tr 


U74007U mi 


H6— 1 0-1 QQQ 

UD 1U 1777 






ip 

Jr 


cUUiououyD 1 


06—07-2001 
uu Uo tUUl 






WO 


9818887 Al 


07-05-1998 


W0 9406897 


A 


31-03-1994 


AU 


' 670118 B2 


04-07-1996 




AU 


4852593 A 


12-04-1994 






DE 


69322952 Dl 


18-02-1999 






DE 


69322952 T2 


27-05-1999 



Perm PCT/ISA/210 (patent family annax) (July 1992) 



INTERNAT^j^L SEARCH REPORT 

Information on patent family members 



Interspinal Application No 

PCT/US 03/12090 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



WO 9406897 



EP 0616635 Al 

JP 7501360 T 

SG 71668 Al 

W0 9406897 Al 

US 2002038525 Al 



28-09-1994 
09-02-1995 
18-04-2000 
31-03-1994 
04-04-2002 



US 4705643 A 10-11-1987 NONE 



Form PCT/1SA/210 (patent family annex) (Jury 1992) 



INTERNATIONAI 



lAa 



RCH REPORT 



al Application No 



PCT/US 03/12090 



I-P^ss,"^ J 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system foBowedby classification symbols) 

IPC 7 C10M 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , PAJ, WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 



Citation ol document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 93 03120 A (LUBRIZOL CORP) 

18 February 1993 (1993-02-18) 

page 1, line 17-35; claim 1 

page 49, line 13-35; examples A-D; table 1 

page 50, line 20 -page 52, line 14 

US 3 772 359 A (SCHL0BOHM R ET AL) 
13 November 1973 (1973-11-13) 
column 1, line 54-64; examples I-X 
column 4, line 8-22 
column 6, line 37 -column 7, line 55 

US 4 425 138 A (DAVIS KIRK E) 

10 January 1984 (1984-01-10) 

column 17, line 26 -column 18, line 46 

_/__ 



1-20 



1-8,10, 
12-15 



1-9, 
12-20 



m 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



° Special categories of cited documents : 

•A" document defining the general state of the art which is not 

considered to be of particular relevance 
'E" earlier document but published on or after the international 

filing date 

■L' document which may throw doubts on priority claim (s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disctosu re, use, exhibition or 
other means 

■P" document published prior to the international fifing date but 
later than the priority date claimed 



•T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X* document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the claimed invention 

cannot be considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



15 August 2003 



Date of mailing of the international search report 



22/08/2003 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patent laan 2 
NL - 2280 HV Rijswflk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Kazemi , P 



Form PCT/1SA/210 (second sheet) (July 1992) 



